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New Stromal cell lines from liuman bone marrow 
and their use 



Field of the invention 



The present invention is directed to new stromal cell lines which are 
characterized in that they persist adherent foUowing ionizing-iiradiation at doses 
up to. and exceeding 20 Gy for growth arresting. This renders them particularly 
useful as feeder cells, supporting the long-tenn proliferation of feeder layer 
dependent cells. 



Background of the invention 

Maintenance and differentiation of hemopoietic progenitor and stem cells in 
long-term bone marrow culture (LTBMC) criticaUy depends on the presence of a 
fimctronal layer of adherent stromal cells [1-6]. The precise role of stromal ceUs 
m hemopoiesis has not yet been fully elucidated . Stromal cells, however are an 
miportant source of mediators required for the controUed differentiation and 
prohfeiation of progenitor cells [7-9]. In addition stromal cells also provide a 
complex functional extraceUular matrix supporting direct ceU-to-ceU contacts 
between stromal and progenitor cells. The heterogeneous ceUular composition of 
this stromal layer including macrophages, fibroblasts, adipocytes and endothelial 
cells [1-3], makes it extremly difficult to analyze the role of each cell type in 
hemopoietic developrnent. 

Established bone marrow stromal cell lines provide a useful tool for the analysis 
of discrete stromal functions. While a number of spontaneously immortalized 
murine stromal ceU lines have been described [13-15] attempts to establish 
corresponding human lines have faUed [16]. Human bone marrow stromal cell 
Imes are also described in K. Thahneier et al. [41], However, no cell lines which 
remam adherent after irradiation are described in this publication. 
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Some of the problems associated with the estabUshment of human stromal ceU 
lines have been solved by introducting DNA into the ceUular genome encoding 
the SV40 large T-Ag [17-21]. This has been accompUshed by a variety of gene 
transfer methods including Ca-phosphate precipitation [17], electroporation of 
recombinant SV40 constructs [18. 20, 21], and infection with SV40 wild-type 
viruses [19, 20].These stromal ceU lines have been used as model systems for 
analyzing stromal ceU - progenitor cell interactions [22-26]. Nevertheless the use 
of SV40-inunortali2ed stromal cell lines as supportive feeder layers in LTBMCs 
stiU has two important drawbacks. Firstly, SV40-immortali2ed cells grow veiy 
rapidly for up to 100 cell generations [27] and then enter a characteristic crisis 
leading to the death of the cells [19]. Secondly, growfli of SV40-immortali2ed 
stromal cells cannot be. inhibited by irradiation or mitomycin C without 
detachment from the culture flasks [21]. 

In this invention there are described new human bone mairow stromal ceU lines 
and their use. These ceU lines proliferate at a high rate and can be growth- 
anrested by irradiation without detachment The functional capacity of flie ceU 
lines according to the invention as feeder cells is exemplified by their ability to 
support the long-term proUferation of e. g. CD34+ enriched human cord blood 
progenitor ceUs and clonogenic growth of the feeder-dependent cell line BL70. 



Summary of the Invention 

The invention provides stromal ceU lines from human bone marrow which are 
characterized in that the ceUs of the ceU line stay adherent after inadiation in 
such a manner that the cell lines are arrested in growth. 

The invention further provides a method of production of a growth inhibited 
adherent stromal ceU line from human bone marrow and the use of said stromal 
cell line as feeder layer for the cultivation of blood cells. 



This invention provides stromal cell lines from human bone marrow which 
contain in their genome viral DNA sequences of simian virus 40 (SV 40) which 



wo 95/02040 



PCT/EP94/02224 



-3- 



are characterized in that the origin of replication of the S V40 virus is defect. A 
part of the late SV40 genes which code for the packaging proteins is deleted in a 
preferred embodiment of the invention. 

It is further preferred that the stromal cell line according to the invention contains 
at least the viral DNA sequences of simian virus 40 which code for the T-antigen. 

The invention also includes the stromal cell lines L87/4 (DSM ACC 2055) and 
L88/5 (DSM ACC 2056) which are deposited at the Deutsche Sammlung von 
Mikroorganismen und Zellkulturen GmbH, Braunschweig, DE. 

Still further this invention provides the use of a stromal cell line according to the 
invention as feeder layer for blood cells, preferably for hematopoetic cells or 
precursor cells, e.g. osteoclasts. The invention additional provides the use of the 
stromal cell lines according to the invention for the production of growth 
factors/cytoldnes. 

The invention also includes Ae use of a stromal cell line according to the 
invention as expression cell line for genes cloned in vectors, said genes 
replicating under the control of the large T-antigen of SV 40. 

Brief Description of the Drawings 
Legends to figures: 

Fig. 1 Radiosensitivity of the stromal cell lines L87/4 and L88/5 Cells were 
plated at a density of 5xl05/ml in 75cm2 flasks in LTC medium and 
irradiated with 5-20 Gy. After irradiation the medium was changed 
completely and the cells were incubated for 7 days (37*^C, 5% C02) in 
LTC medium. On day 8 adherent and non-adherent cell numbers were 
determined (A, B) and the cells plated in agar containing GCT-CM. 
Day 14 agar colonies were counted in C and D. 
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Fig. 2 Limiting dilution analysis of response of BL70 cells to different feeder 
cells 

BL70 cells were seeded under limiting dilution conditions in the 
presence of (A) L87/4 cells (circles) or L88/5 cells (boxes). Statistical 
evaluation revealed a frequency of iN13.5 in the presence of L87/4 
cells (r=-0.951; yo^.925) and f=L5 in the presence of L88/5 cells 
(r=-0.990; yo=1.04). For comparison, (B) shows limiting dilution 
analysis of BL70 cells seeded in the presence of MRCS cells 
(asterisks; f^5.7; r=-0.996; yo=1.00) or primary bone marrow stroma 
(triangles; f=2.5; r=-0.996; yo=0.98). 

Fig. 3 Support of cord-blood GM-CFCs by the stromal cell lines L87/4 and 
L88/5 

Nonadherent cord-blood cells produced on the stromal cell lines L87/4 
and L88/5 were harvested weekly following culture week 2 and 
assayed in methylcellulose cultures for myeloid progenitors. Colonies 
(> 50 cells) were counted 14 days after plating. The results represent 
two representative and independent experiments. 

Fig. 4 G-CSF, IL-6, and GM-CSF secretion of IL-la and/or Dexamethasone 
treated L87/4 and L88/5 cells. Cells were incubated for 24 hrs in LTC 
medium without hydrocortisone or in LTC medium supplemented with 
either IL-la (10 U/ml) or dexamethasone (10"6 M) or both, 
supematants were tested for IL-6 activity with the 7TD1 and G-CSF 
activity with the NFS60 indicator cell Ime by MTT-test. GM-CSF 
activity in the supematants was measured by RIA. 

Fig. 5 G-CSF and IL-6 secretion of irradiated L87/4 and L88/5 cell lines. 

Cells were grown to subconfluency in LTC medium and irradiated 
with 0-20 Gy. After irradiation the medium was changed completely, 
cell supematants were harvested after 24 hrs of incubation and tested 
for IL-6 activity (7TD1) and G-CSF activity (NFS60) by MTT-test. 
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Fig. 6 shows an employed transfection vector (psV IN-1) as is known from 
Cohen et al.. J. Virol. .51 (1984) 91-96. 

Fig. 7 shows a second vector derivable therefrom (pUC IN-1 wt). Here 
SV40-DNA was cut from pSVIN-1 at the cleavage sites Bam/Pst and 
the nucleotide sequences of bp 1988-2533 were removed. Then the 
deleted SV40-DNA was cloned into the pUC 12 Bam/Pst cleavage 
site. 



Detailed Description of the Invention 

In contrast to all of the human bone marrow stromal cell lines of the state of the 
art. the ceU lines according to the invention offer the foUowing advantages: 

a) Homogeneity: 

As distinct from primary stroma, the ceU lines consist of an exactly defined 
umform ceU population. Thus, experimentation variations occuning when using 
primary cells from varying probands are excluded; 

b) Permanence: 

Primary stromal cells and most of the SV-40 immortalized cell lines die after a 
limited number of divisions. The stromal lines as claimed are capable of 
unlimited division (in terms of "immortalized"); 

c) Growth inhibition by iiradiation: 

For experiments in which the stromal cells are used as a "feeder layer" (= feeder 
cells) for hematopoietic progenitors, the growth of the stromal ceUs must be 
inhibited and at the same time the cells must adhere to the cell culture dish. 
Heretofore described SV-40 immortalized lines, after being irradiated, separate 
from their support, whereas the ceU lines as claimed stop growing and also 
remain adherent; 
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d) Production of hematopoietic growth factors: 

Feeder cells for hematopoietic precursor cells control the growth and 
differentiation thereof by, inter alia, production of growth factors. The cell lines 
as claimed are capable of producing large amoimts of these growth factors, 
wherein factor production can be influenced both by irradiation and stimulation 
widi interleukin-1; 

e) Spontaneous changes of die cell lines caused by virus production are 
excluded. 

There may also be used other vectors which contain at least the viral DNA 
sequences of the Simian virus 40 which codes for the T-antigen and for which the 
replication origin of the SV40 virus is defect Vectors in which, additionally, the 
late genes of the SV40 virus which code for the envelope proteins are deleted are 
also suitable. Primary adherent cells from human bone marrow were transfected 
wifli the help of such SV40 plasmid vector. Transfection was carried out with 
liposomes. The DNA transfected in the course of the lipofection reaches the 
nucleus of the bone marrow cells and there integrates into the chromosomal 
DNA. The site of integration of the vector is not foreseeable here, that is to say, it 
occurs by chance. The expression of the SV40 T-antigen integrated into the 
cellular genome brings about immortalization of these cells. 

The lines established in this manner are immortalized, exhibit very short doubling 
times, and form a homogeneous cell population. 

The employed vectors pUC 12 and pBR 322 as well as the viral DNA sequences 
of the Simian virus 40 are commercially available. 

The cell lines according to the invention, after irradiation which results in the 
growth being arrested, remain adherent. In this, the cells continue being viable 
but they are no longer capable of dividing. They are producing large amounts of 
hematopoietic growth factors/cytokines. 
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Irradiation of the stromal cell lines is carried out according to the methods 
familiar to one skilled in the art, as are described, e.g., in [21]. Usually, ionizing 
irradiation at 5 to 20 Gray (Gy) is performed. Before irradiating, it is expedient to 
allow the cells to adhere to the surface of the vessel used (confluency). After 
irradiation, the surviving cells (more than about 80%) remain adherent. The killed 
cells detach from the surface and are in this way easy to separate from the cells 
according to flie invention, for example by exchanging the medium. 

The adherent cells so obtained are viable for a prolonged period of time so that 
they are able to support Ae culturing of feeder layer-dependent cells such as, for 
instance, hematopoietic progenitor cells or peripheral blood. Typically, after 7 
days at least 90% and after two or three weeks at least 50% of the adherent cells 
will be viable still. As a culture mediimi (also for co-cultivation with blood cells) 
there can be applied all culture media known to one skilled in the art as being 
suitable for stromal cells. 

Stromal cells according to &e invention are to be understood to mean also the 
active membrane-containing subcellular fragments thereof which, analogous to 
file complete cells, promote the proliferation and/or differentiation of blood cells. 
Such fractions may be subcellular vesicles, for example, which are obtained by 
hypotonic shock, or cell-free membrane vesicles which can be obtained, for 
example, by incubation with cytochalasin B. There is also suitable an eluate from 
the cells according to the invention which can be recovered, for instance, after 
incubation with sodium chloride md sodium citrate. Such fractions of the cells 
according to the invention can be further purified using the methods familiar to 
one skilled in the art, for instance by chromatographic purification wherein the 
activity of the fi^ction (suitability as a feeder layer) must be examined after each 
purification step. 

Membrane vesicles are prepared, for example, according to the method of Maul 
et al. [38], which is incorporated herein by reference. Another method is 
described, for example, by Jett et al. [39], which is incorporated herein by 
reference. After washing the cells in EARL's buffer, glycerol is added to the cells 
at a final concentration of 30% in three steps at 15-minute-intervals. After 
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centrifugation. lysis is carried out, multiple centiifugation is perfonned, and the 
vesicle fiaction is enriched. The enriched fractions are examined for their 
property of supporting the proliferation of blood cells, preferably hematopoietic 
precursor cells or stem cells. 



"Supporting the proliferation of cells" as used in the invention is understood to 
mean that Ae ceU lines according to the invention support the survival, 
proliferation, and possibly also the production of blood/growth factors/cytokines 
by the blood ceUs. In this, the cells of the ceU lines according to the invention are 
bound adherently to a surface (preferably a culture flask). The feeder layer- 
dependent cells settle on that feeder layer and are stimulated in growth and/or 
differentiation. The feeder layer supplies the blood ceUs with growth factore such 
as Q^oMnes, and adhesion molecules. 

"Supporting the differentiation" especiaUy means supporting the differentiation of 
cells which are not terminally differentiated (are not at the end of the pathway of 
differentiation). Examples of such cells are pluripotent stem cells and blood 
progenitor cells. 

By blood cells there are to be understood, for example, hematopoietic stem cells, 
hematopoietic progenitor cells or peripheral blood ceUs. Examples are CD34+ 
human cord-blood progenitor ceUs or also lympoid ceUs (model cells are the 
BL 70 ceU lines [35]) as well as stem cells isolated from bone marrow, human 
umbilical cord-blood or peripheral blood, progenitor cells such as granulocyte, 
eiythroid or megacaryoc^e progenitor cells. 

Typically, a cell density of 5 x 105 ceUs/ml of culture is applied for a surface of 
75 cm2. 



I preferred embodiment for culturing feeder layer-dependent cells, the cell 
s according to the invention are first of all grown until they reach co'nfluency, 
then irradiated. After irradiation, the medium is exchanged and, thereby, the 
id and non-adherent cells are also removed. The ceUs so prepared can be used 
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directly as a feeder layer. However, it is preferred to culture the cells for several 
hours in a serum-free medium, prior to use. 

In a prefexred embodiment of the invention, the stromal cells according to the 
invention can be used for supporting the expansion of hematopoietic stem cells 
without differentiation. The conditions for such expansion are described in 
MR. KoUer et al. [40], which is incorporated herein by reference. 

Such an expansion of stem cells without differentiation is particularly useful for 
the proliferation of stem cells which are ex vivo genetically modified by 
transduction. Such modified stem cells can be used in gene therapy. The 
transduction can be done according to the state of the art, e.g. by using 
retroviruses or DNA and liposomes. As the yield of such a transduction is usually 
very low, expanded transduced stem cells are of great value in ex vivo gene 
therapy. 

For preparing the growth-arrested adherent stromal cells from the cell line it is 
preferred to culture the cells of the stromal ceU line until they reach confluency, 
and to repeatedly passage the stromal layer until the cells enter a growth crisis. 
This usually occurs after 25 to 30 cycles. Thereafter, the ceUs which are dividing 
at a very slow rate only, or which essentially are not dividing at all, are collected, 
for instance, by trypsinization and replaced in a new culture with fresh medium. 
These cells are irradiated as described above. The growth-arrested adherent 
stromal ceUs remain adherent whereas flie iiradiation-kmed cells are detached 
and are easy to remove in tiiis manner. 

Surprisingly the stromal cell lines according to the invention have been found to 
produce growth factors to a large extent. This production can be induced by 
irradiation at varying intensities (preferably between 5 and 20 Gy) and/or by 
addition of IL-1 (5 to 50 U/ml, preferably 5 to 15 U/ml) and/or dexametasone 
(0.5 to 2 X 10-6 mol/1). Induction by irradiation mainly results in G-CSF 
production being increased (to about 50 ng/ml of culture, and IL-6 production to 
about 100 U/ml at as high as 20 Gy). IL-1 stimulates, in addition, GM-CSF 
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productioiL The growth factors produced in this manner by the cells can be 
purified according to the methods familiar to one skilled in the art. 

In the transfection of the bone marrow cells, the following procedure was carried 
out: 

Bone marrow cells were cultured for 2 to 3 weeks in long-time culture medium 
(McCoy's 5a supplemented with 12.5% fetal calf serum. 12.5% horse serum, 1% 
sodium bicarbonate, 1% MEM nonessential amino acid solution, 1% L-glutamine 
(200 mM), 1% penicillin-streptomycin solution - all solutions fi-om Gibco - 
10-4M a-thioglycerol, 10-6 M hydrocortisone) (5% CO2; 37°C) until the 
stromal layer reached subconfluency. One day before transfection, the adherent 
stromal ceUs were collected by trypsinization and plated in 25 cm^ culture flasks 
at a ceU density of 5 x 105 ceUs/mL The transfection was carried out with cesium 
chloride-purified plasmid DNA (psV-INl and pUCIN-lwt). 

The transfection was carried out as follows, in accordance with the transfection 
protocol of tiie firm Serva (IBF Instruction Sheet No. 2942 10). 

The semiconfluent cells were washed once with PBS, once with McCoy's 5a, and 
incubated for 5 to 18 hours with a freshly prepared plasmid/transfectara mixture 
in 8 ml serum-firee long-time culture medium in 25 cm2 culture flasks. After 
transfection, the cells were washed twice with PBS/10% PCS and cultured in 
LTC medium to confluency. The transfected cells were selected by repeated 
passaging of the stromal layer at a ration of 1:2. After about 25 to 30 passages, 
the munortalized cells entered a so-called growth crisis. This crisis was overcome 
in that cells which divided only slowly or did not divide at all were detached 
from their support by tiypsinization and replaced in a new culture flask. Cells 
treated in this manner recovered spontaneously from die crisis and displayed an 
immortalized phenotype. 

The stromal cell lines L87/4 and L88/5 differ by the following properties: 
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Expression of the T-antigen: 

L87/4: low expression (passage 14) 

L88/5: strong expression (passage 14) 

Site of integration of flie viral DNA: 
different integration sites in the genome 

Constitutive factor production: 

L88/4: constitutive production of G-CSF and IL- 

L88/5: low constitutive production of G-CSF and TL-6 

The production of G-CSF and IL-6 is inducible in both the cell lines by 
irradiation.. 

Some important examples for the use of the cell lines are shown below. 

The stromal cell lines according to the invention, and preferably, the cell Imes 
L87/4 and L88/5 can be used for all experiments in which cells growing in 
dependency of a feeder layer are to be cultured. These are all hematopoietic 
precursor ceUs and stem ceUs as well as precursor ceUs of bone formation 
(osteoclasts). There also exist positive results for the growth of early feeder- 
dependent B tumour cells (BL70) on line 88/5 as well as line 87/4. 

Apart from tiie cultivation of normal hematopoietic precursor cells, the cell lines 
according to the invention, and preferably, the ceU Imes 87/4 and L88/5, can be 
used also for analysis of malignant bone marrow cells from leukemic patients 
(CML, AML, ALL) under the influence of medicaments, which is of special 
importance in view of the autologous bone marrow transplantation. Experimental 
variations which heretofore occurred on account of the use of primaty feeder 
cells from vaiying test persons are to be excluded here. 

Apart from being suited as feeder cells, the cell lines according to the invention, 
and preferably, the cell lines L87/4 and L88/5, can be used as producer Imes for a 
number of growth factors. Here the extremely high constitutive production of 
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G-CSF of the line L87/4 and IL-6 of the line L88/5 respectively may gain 
importance. There could be shown furthermore a heretofore undefined, highly 
stimulating activity of L88/5 cells on the cell growth of 7TD1- and NFS60 cells 
in conditioned medium (= cell culture supernatant). 

There is also possible the use as an expression cell line for genes cloned into 
vectors whch replicate under control of the large T-Ag of SV40. As an example, 
COS cells are referred to here. 

The following examples are provided to aid the understanding of the present 
invention, the true scope of which is set forth in the appended claims. It is 
imderstood that modifications can be made in the procedures set forth without 
departing from the spirit of the invention. 

Examples 
Example 1 

Establishment of permanent human bone marrow stromal cell lines with 
long-term post-irradiation feeder capacity 

a) Material and methods 

Bone marrow 

Bone marrow cells for long-term culture and transfection experiments were 
obtained from freshly resected ribs of hematological^ normal patients. All 
specunens were obtained by informed consent and according to protocols 
approved by institutional ethics committees. 

Long-term culture 

Bone marrow cells were isolated from the rib by aspiration in phosphate buffered 
saline (PBS). They were plated without any further purification step at a density 
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of 2 X 106 cells/ml in 75 cm2 flasks (Nunc) in Dexter-type long-term bone 
marrow culture medium (LTC medium: McCoy's 5a medium supplemented with 
12.5% preselected fetal calf serum (FCS). 12.5% preselected horse serum (HS). 
1% sodium bicarbonate. 1% sodium pyruvate. 0.4% MEM nonessential amino 
acid solution, 0.8% MEM essential amino acid solution, 1% vitamin solution, 1% 
L-glutamine (200 mM), 1% penicillin-streptomycin solution (aU solutions from 
Gftco), 10-4M a-thioglycerol, 10-6m hydrocortisone). Cultures were incubated 
at 37*C in a humidified atmosphere at 5% CO2 and fed weekly by half-medium 
change. 

Establishment of human bone marrow stromal cell lines 

Bone maiTow cells were cultured for 2-3 weeks in LTC-medium until the stromal 
layers reached subconfluency. Adherent stromal cells were collected by 
tiypsinization and replaced in 25cm2 culture flasks at a density of 5xl05 cells/ml. 
CsCl gradient-purified plasmid vectors pSVIN-1 (origin-defective SV40 genome 
cloned in pBR322), and pUCIN-1 (origin-defective SV40 genome cloned in 
pUCl2, late genes partially deleted) were used for the transfection experiments. 
Transfection using liposomes was carried out essentially as described in the 
producer's (Serva, Heidelberg) transfection protocol. Briefly, semiconfluent 
adherent ceUs were washed once with PBS. once with McCoy's 5a, and 
incubated for 5 to 18 hours with a freshly prepared plasmid/transfectam mixture 
in 8 ml serum-free LTC medium in 25cm2 flasks. After transfection cells were 
washed twice with PBS/10% FCS and cultured in 10 ml LTC medium to 
confluency. After a latency period of about 6 weeks transfected cells started 
overgrowing primaiy stromal cells and were passaged continuously at a ratio of 
1:2. Transfected cells were maintained in LTC medium at ST^C in a humidity 
incubator at 5% CO2. 

Southern blot experiments 

After at least 6 ceU passages DNA of transfected cells was purified by CsCl 
gradient centrifiigation [28], digested with selected enzymes, and electrophoresed 
on a 0.8% agarose gel. DNA was blotted on Hybond N filters (Amersham 
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Buchler, Braunschweig) and hybridized with a radioactively labeled 
BamHI/pSVIN-1 fragment encoding SV40 large T-Antigen. 

Northern blot experiments 

Total RNA of transfected cells was isolated by the guanidinium-isothiocyanate 
extraction method [29], glycoxylated and fractionated on a 1% agarose gel (20 |ig 
per slot). RNA was blotted on Hybond N filters (Amersham Buchler, 
Braunschweig) and hybridized with a radioactively labeled BamHI fragment of 
the plasmid pSVIN-1 coding for the SV40 large T-Ag. 

Radlosensitivity assay 

Transfected cells were plated at a density of 5 x lO^/ml in 75cm2 flasks in LTC 
medium and grown for 18 hours. Subsequently they were irradiated with 5-20 Gy 
using a cesium-137 gamma ray source (Atomic Energy of Canada, Ontario, 
Canada). After irradiation the medium was changed completely and the cells 
were incubated for 7 days (37*'C, 5% C02) in LTC medium. On day 8 adherent 
and non-adherent cells were harvested by trypsinization, cell numbers were 
counted, and the colony-forming potential of the irradiated cells was measured by 
counting day 14 colonies in agar. 

Colony-forming assay 

To examine the clonogenic potential of transformed stromal cell lines adherent 
cells were harvested by trypsmization (0.25% trypsin, Gibco) and plated in semi- 
solid agar cultures as reported [30]. In brie^ stromal cells were plated in triplicate 
at a concentration of 1 x 10^ cells/ml using equal amounts of 0.6% Bactoagar 
(Difco, Detroit, Michigan) and double-strength Iscove's modified Dulbecco's 
medium (IMDME; Gibco) containing 40% preselected FCS. Colony growth was 
stimulated by 10% (vol/vol) giant cell tumor-conditioned medium (GCT-CM; 
American Type Culture Collection, Rockville, Maryland). Cultures were 
incubated for 14 days at 37^C in a humified atmosphere and 5% CO2 in air. 
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Fibroblast colonies were scx)red on day 14 using an inverted microscope (32-fold 
magnification). 

Immunofluorescence staining for phenotyping (Table 1) 

a) Indirect immunofluorescence staining 

L88/5 and L87/4 cells were cultured on glass slides washed with calcium-firee 
PBS (PBSd) and fixed for 10 min in a 1:1 mixture of ice-cold methanol and 
acetone. After rinsing the slides with PBSd diluted rabbit antiserum against 
Factor VlU-related antigen (Behring; lOOpl antiserum + L5ml PBSd) was 
layered on the slides. The slides were then incubated at 37^C for 30 minutes in a 
humidity chamber, rinsed with PBSd, and overlaid with a FITC-labeled 
secondary anti-rabbit antibody. After incubation at 37''C for 30 minutes the slides 
were washed with PBSd, overlaid with a mixture of glycerol and PBSd (1:1) and 
covered with a coverslip. 

b) Immunofluorescence staining for FACS analysis 

Adherent stromal cells were detached fi-om &e culture flask by incubation with 
collagenase (0.1 U/ml) / dispase (0.8 U/ml) for 15 min at 37°C. Cells were 
washed with PBSd, suspended m IF-buffer (PBSd with 0.1% sodium acid and 
2% FCS), and labeled for 30 min at A^'C with the first antibody which was either 
FITC-conjugated, PE-conjugated or unlabeled. Cells were then washed twice 
with 1 ml IF-buffer, and in the case of unlabeled first antibody treated as 
described above with a second FTTC- or PE- labeled antibody. Stained cells were 
suspended in 1 ml IF-buffer and analyzed by a FACScan flow cytometer (Becton 
Dickinson). 

Cytochemical staining for phenotyping (Table 1) 

Cells were cultured on glass slides washed with PBSd air-dried and stained with 
chloracetate-esterase or a-naphthylesterase as described by the producer's 
instructions. (Sigma). 
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Limiting dilution 

Adherent feeder cells were seeded in 96 well plates, grown to confluency and 
irradiated (MRC5. 50 Gy; BM feeder, 50 Gy; L88/5. 15 Gy; L87/4, 20 Gy) in a 
Csl37 source (Atomic Energy of Canada, LTD), After 24 hours, BL70 cells were 
washed twice in serum-free medium and added at the indicated cell densities in at 
least 24 well plates. Plates were fed twice weekly, and outgrowth of colonies was 
monitored up to day 40. All limiting dilution experiments were perfonned in 
RPMI1640 supplemented with 5% FCS, 2 mM L-glutamine and antibiotics. 
BL70 cells were kept in the same medium in the presence of inadiated (50 Gy) 
MRC5 cells. MRC5 cells were cultured in Dulbeccos MEM supplemented with 
10% FCS, 2 mM L-glutamine and antibiotics. 

Coculture experiments with CD34+ enriched human cord-blood cells 

Percoll-separated mononuclear cord-blood cells were either stained with anti- 
CD34 monoclonal antibody (Dianova, Hamburg) directly conjugated to 
fluorescein isothiocyanate (FTTC) and then sorted on a FACStarPlus (BD FACS 
Systems; Becton Dickinson) for high CD34 expression or the CD34 positive cells 
were isolated by using Dynabeads M-450 directly coated with the mAb BI-3C5 
[34]. 

CD34+ cord-blood cells were plated in 24 well plates (5x1 o3 cord-blood 
cells/well) on irradiated semiconfluent L87/4 (20 Gy) and L88/5 (15 Gy) stromal 
cells in LTC medium. Cultures were mamtained at 37°C for 5 weeks with half 
medium changes weekly following culture week 2. Non-adherent cells were 
assayed in semisolid medium for the presence of eiythroid (BFU-E) and myeloid 
(GM-CFC) progenitor cells. Cultures were plated with 10^ non-adherent cells/ml 
in IMDM, 30% FCS, 1% BSA, 10-4 m a-thioglycerol, 5% PHA-LCM, 0.98% 
methyl cellulose, 3 U/ml EPO - all substances from the Terry Fox Laboratories - 
and 100 ng/ml kit-Ligand. Cultures were plated in 1 ml volumes in 35 mm tissue 
culture plates in 5% CO2 at 37^ and colonies were counted on day 14. 
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b) Establishment and characteristics of early passage human bone marrow 
stromal cell lines 

BM cells of a 70-year-old hematologically noimal male patient were cultured in 
25 cm2 flasks in conventional Dexter-type LTBMC for 3 weeks. Confluent 
stromal layers were passaged once and transfected wifli either pSV-INl or pUC- 
INl plasmid vectors by lipofection. Both plasmids contain &e sequences coding 
for the SV40 T-antigen known to be a transfonning factor [31,32], Ten 
passageable cell lines were selected by tiieir growth advantage over primaiy 
stroma were obtained after lipofection. Spontaneous outgrowth of non-adherent 
EBV-immortalized B cells was observed in 20% of the culture flasks. 

Five of the 10 ceU lines designated L87/4, L88/5, L90/7, L91/8 and L87/12 were 
selected for further studies. All cell lines display fibroblastoid moiphology, 
harbour a stably integrated SV40 construct and express SV40 large T-Ag as 
determined by Northern blotting (data not shown). The integration site of the 
plasmid vector is dififerent in each cell line. Three of the 5 cell lines were clonal 
after six passages while 2 were oligoclonal. The SV40 transformed cell lines 
grew at a comparatively high rate for 25 to 30 cell passages and then entered a 
crisis. Two of the 5 lines were rescued subsequently (lines L88/5 and L87/4). 
They have now been maintained in continuous culture for more than 70 passages 
(18 months). All further experiments were performed with clonal postcrisis L88/5 
and L87/4 cell lines. 

Several parameters including site of SV40 integration , SV40 T-Ag expression, 
CD68 expression in L87/4 and response to irradiation are stably maintained in 
pre- and post-crisis cells. In post-crisis cells they are stable for more than 30 
passages. The cell lines according to the invention can be maintained as adherent 
growth-arrested cell layers after irradiation with doses of up to 20 Gy. It is 
noteworthy that even higher doses of ionizing radiation are tolerated, if these 
cells are recharged in time with CD34-enriched umbilical cord-blood cells at low 
densities. 
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In a preferred embodiment of the invention the cell lines show expression of 
CD 10 and CD 13 and non-expression of hemopoietic markers (see Table 2). 
Especially preferred are cell lines which express the macrophage marker CD68. 
Fig.2 illustrates characteristic phenotypes of the cell lines according to the 
inventiorL 

The cell lines according to the invention also possess feeder capacity in post- 
crisis passages (e. g. passage 60). This is demonstrated by their ability to 
tttflintain clonogenic cell proliferation of stroma cell dependent BL cell lines (e.g. 
BL70) for more than 5 weeks. The BL70 assay clearly demonstrates that the cell 
lines produce all factors necessary for malignant B cell proliferation. This does 
not preclude the possibility that they produce further cytokines supporting the 
growth and differentiation of other cell types as well. As shown by PCR analysis 
cell lines according to the invention produce a variety of hemopoietic growth 
factors includmg IL-6, IL-7, IL-8, IL-10, IL-11, KL, LIF, G-CSF, GM-CSF and 
M-CSF . This cytokine profile shows that the cell lines according to the invention 
are capable of supporting long-term culture of normal primary hemopoietic 
progenitor cells, for example the development of GM-CFCs (Fig.6) and BFU-Es 
fi:om CD34*^ eiuiched cord-blood cell cultures. 

Characterization of the stromal cell lines L88/S and L87/4 

By phase contrast morphology both stromal post-crisis cell lines exhibit 
fibroblastoid morphology. Cells divide rapidly with doubling times of one day for 
L88/5 and two days for L87/4. The cells show contact inhibition and do not form 
foci in liquid culture. They grow into fibroblastoid colonies when plated in semi- 
solid agar in the presence of 1% GCT-CM, 

Both cell lines are positive for SV40 T-antigen expression and display the same 
genomic SV40 integration sites as previously observed in the pre-crisis L87/4 and 
L88/5 cells. As shown by immunofluorescence, L87/4 and L88/5 express the 
stromal cell surface markers CD 10 and CD 13 while they do not express a variety 
of hemopoietic cell markers (Table 1). Nevertheless L87/4 can be distinguished 
firom L88/5 by expressing the macrophage marker CD68. 
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Radiosensitivity of L88/5 and L87/4 cells 

L88/5 and L87/4 cells were cultivated and irradiated as indicated in Fig. 4 and 
described in Material and Methods. Both ceU lines can be irradiated with up to 
15 Gy vdAout detachment. Proliferation and colony fonnation of L88/5 ceases at 
doses exceeding 15 Gy whUe L87/4 cells retain their abUity to grow and fonn 
colonies in soft agar. L87/4 must be irradiated with 20 Gy to abolish proliferation 
in suspension culture and clonal growth in soft agar (Fig. 1). 

CeU line L87/4 can be irradiated at even higher doses without cell detachment if 
irradiated ceU layers are recharged within 24 hours widi low numbers (5xl03/ml) 
of CD34-positive umbilical cord-blood cells. 

L88/5 and L87/4 cells substitute for fibroblast and BM feeder cells 

A number of Buridtt lymphoma (BL) cell lines depends on a feeder layer of 
irradiated human fibroblasts if grown at low ceU densities under low serum 
conditions. At high ceU densities they do not require feeder cell layers. Feeder 
function in this system can be provided by a series of primary human and rodent 
fibroblast cells. However several available, SV40-immortalized human fibroblast 
ceU lines constantly failed to support the proliferation of a model BL line, BL70 
[35]. As shown in Fig.2, irradiated (15 Gy) L88/5 cells as well as irriidiated 
(20 G) L87/4 ceUs support the clonogenic growth of BL70 cells even better than 
primary irradiated bone marrow stromal cells and human MRC5 fibroblasts. 
BL70 ceUs dying vwthin 2 days in the absence of feeder cells can be maintained 
on irradiated L87/4 and L88/5 feeder layers for more than 5 weeks. The graphical 
representation of BL70 limiting dilution assays (Fig.5) indicates a single hit 
kinetic. This demonstrates that L88/5 ceUs and L87/4 ceUs (as well as MRC5 
cells or primary BM stroma) provide all factors necessary for optimum 
proliferation of BL70 cells. 
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L87/4 and L88/S cells support long-term hematopoiesis of human cord-blood 
progenitors 

Semiconfluent irradiated L87/4 (20Gy) and L88/5 (15 Gy) cells seeded in 24 well 
plates were charged with CD34+ human cord-blood cells (5xl03 CD34"*" 
cells/well) and cultured for 5 weeks in LTC medium. Up to culture week 5 both 
stromal layers supported the proliferation of non-adherent cord-blood cells wiA a 
maximum of cell numbers observable two to three weeks after initiation of the 
cultures. The number of non-adherent cells is amplified about 200fold during the 
culture period compared to the mmiber of input cord-blood cells. Large numbers 
of myeloid (GM-CFC, Fig. 3) and eiythroid (BFU-E) progenitor derived colonies 
were present in the non-adherent cell fraction up to five weeks after culture 
initiation as determined by methyl cellulose colony formation assays. 



wo 95/02040 



PCT/EP94/02224 



-21- 



Table 1 

Phenotypes of the post-crisis stromal cell lines L87/4 and L88/5 

L87/4 L88/5 

c-kit 

HLA-DR 

CDlla,CDllb.CD14. 
CD23,CD32, CD33. 
CD34. CD36, CD38, 
CD56, CD61, CD64 

CDIO + ++ 

CD13 

CD68 

CD71 

Factor VIU 
related antigen 

Chloracetate esterase 

a-naphtylesterase 

SV40 T-Ag 

Smooth muscle type Actin 
Laminin 
Fibronectin 
Vitronectin 
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Example 2 

Constitutive and modulated cytokine expression in cell lines according to the 
invention 

Cell culture 

A senes of cell lines and piimaiy cells were used as positive controls for RNA 
analysis. There were: U937 ceUs (ATCC: CRL1593: human histiocytic 
lymphoma), HL60 ceUs (ATCC; CCL240; human promyelocytic leukemia), 
K562 cells (ATCC: CCL243; human CML), MeUuso (gift by Dr. Johnson,' 
Department of Immunology; LMU-Munich). and 5637 cells (ATCC: HTB9; 
human bladder carcinoma) were grown in RPMI 1640/10% FCS in a humidity 
incubator (37°C; 5% CO2). All cell lines were subcultured twice weekly. 

To culture activated T ceUs peripheral blood mononuclear cells of healthy 
volunteers were separated by a Percoll gradient and incubated in IMDM/10% 
FCS supplemented with phytohemagglutinine (I vol.%) and phorbol 12.myristate 
13-acetate (10 ng/ ml). After incubation for 8 hours the cells were harvested and 
RNA was prepared by the guanidinium-isothyocyanate extraction method [31]. 

Primary stromal layers were established as described in example 1. 

Exposure of L87/4 and L88/5 cells to IL-la and dexamethasone 

L87/4 (passage 96) and L88/5 (passage 98) ceUs were plated at densities of 
2x1 05 cells/ml in 25 cm2 culture flasks (Nunc) and incubated for 24 hours in 
LTC medium. The medium was removed completely and replaced by fresh LTC 
medium without hydrocortisone or by LTC medium supplemented with either 
IL-la (10 U/ml) or dexamethasone (10-6 m), or both. Cells were then incubated 
for another 24 hours (37»C; 5% CO2) before RNA was extracted. Culture 
supematants were collected for cytokine bioassays and RIAs. 
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Quantification of stromal cytokine release by bioassays 

Crude conditioned medium of stromal cells (L87/4; L88/5) was tested for its 
proliferation-enhancing activity in MTT assays as described [36], 7TD1 cells 
were used to assay IL-6 production, G-CSF activity was measured by a highly 
responsive NFS60 subline. The specifities of cell line responses were checked by 
adding appropriate neutralizing antibodies. 

Quantiflcation of stromal cytokine release by RIAs 

Crude conditioned medium of L87/4 and L88/5 cells was tested for IL-ip and 
GM-CSF concentrations as described elsewhere [37]. 

In conclusion, it is shown that two permanent stromal cell lines according to the 
invention (e, g. L87/4 and L88/5) produce an array of cytokines thought to 
contribute to the maintenance of human hemopoietic progenitors this pattem of 
cytokine production is being partly augmented and partly suppressed due to 
irradiation and glucocorticoids (Figs. 4 und 5). 
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Patent Claims 



1. Human bone marrow stromal ceU line, characterized in that the ceUs of said 
cell line, after iiradiation which results in the growth being arrested, remain 
adherent 

2. Stromal ceU line as claimed in claim 1, characterized in that, after 
irradiation-induced growth arrest, or by stimulation with interleukin-1 
and/or dexamethasone, production of G-CSF and IL-6 in said ceU line is 
induced. 

3. Stromal ceU line as claimed in any one of the preceding claims, 
characterized in that the cells thereof support, as a feeder layer, the 
proliferation and/or differentiation of blood cells. 

4. The stromal ceU lines L87/4 (DSM ACC20559 and L88/5 (DSM 
ACC2056). 

5. A process for the production of growth-arrested adherent stromal ceUs from 
human bone mairow, characterized in that the cells of the stromal cell line 
are cultured until they reach confluency, the stromal layer is repeatedly 
passaged until the cells enter a growth crisis, and the cells which are 
dividing at a veiy slow rate, or are essentiaUy not dividing at all, are 
removed from their support, replaced in a new culture and irradiated in such 
fashion that they become growth-arrested. 

6. The process as claimed in claim 5, characterized in that die removal of the 
cells from the support is accomplished by tiypsinization. 



7. 



Stromal cells which are growth-arrested and adherent, stimulate, as feeder 
layer, the proliferation and/or differentiation of blood cells in a ceU culture 
and stay alive for at least 50% in two weeks. 
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8. Use of cells as claimed in claim 7, for the culturing of feeder layer- 
dependent cells. 

9. A process for culturing feeder layer-dependent cells by co-cultivation of 
these cells with growth-airested adherent stromal cells as claimed in claim?. 

10. Use of a stromal cell line as claimed in claims 1 to 4, for flie production of 
hematopoietic growth factors. 

11. The use as claimed in claim 10, characterized in that the stromal cell line is 
irradiation-induced growth-arrested. 

12. The use as claimed in claim 10 or 11, in the presence of ILl and/or 
dexamethasone in such an amount that the production of hematopoietic 
growth factors in the cell line is supported. 



13. The use of the cells as claimed in claim 7, for the expansion of 
hematopoietic stem cells which are genetically modified. 
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